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TESTING THE EFFICIENCY OF

BROADACRE

FARMS
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A study of 93 broadacre farms has revealed that most farms display high levels of technical efficiency. On average,
technical efficiency is improving, although a small proportion of farms remain relatively inefficient due to a number
of factors. Ben Henderson' and Dr Ross Kingweliz report.
Success in broadacre farming relies on being
internationally competitive, which also usually
means having an efficient farm. However, two
questions remain: are broadacre farms in
Western Australia very efficient; and what
factors can influence farm efficiency?
To answer these questions, the technical
performance of 93 broadacre farm businesses
from 1997 to 1999 was examined using two
new techniques: data envelopment analysis
(DEA) and stochastic frontier analysis (SFA).
The main preliminary findings revealed that:
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•

most farms demonstrated high levels of
technical efficiency;

•

technical efficiency improved over the three
years;

the distribution of technical efficiency
among farms was uneven - of concern was
the small, yet diminishing portion of farms
displaying relatively low levels of technical
efficiency;
both analytical techniques, DEA and SFA,
generated consistent rankings of farm
technical efficiency;
farms identified as being very efficient
tended to remain so; and
a range of factors influenced technical
efficiency, including rainfall, farm size,
tillage method, formal education level of the
farmer, and their age.
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The survey examined three types of farm
efficiency, although only technical efficiency has
been reported on here. A business is
technically efficient if its inputs cannot be
reorganised to generate more output. In a
cropping context this would mean an efficient
farmer has combined his inputs such as
machinery, labour, fertilisers and herbicides in
such a way that he achieves the maximum
production possible in that season. A technically
efficient farmer is getting the maximum output
from a given set of inputs.

The survey
The efficiency survey followed a preliminary
investigation of farm efficiency in Western
Australia undertaken in 2000 using Australian
Bureau of Agricultural and Resource Economics
(ABARE) data. The small sample size of this
particular investigation meant that findings
could not be generalised, so a larger sample was
sought.
Members of the Australian Association of
Agricultural Consultants were approached, and
several kindly supplied farm data that preserved
the anonymity of their clients. Data from 93
farmers for up to five consecutive years was
gathered, including detailed records of physical
and financial items.
Using ancillary data, indexing techniques and
clarification, data for each farm in each year
were re-expressed as a series of input and
output categories. From the categorised data,
an analysis of farm efficiency was undertaken.
As noted above, two techniques were used to
analyse farm technical efficiency - data
envelopment analysis (DEA) and stochastic
frontier analysis (SFA). Both approaches were
used to estimate best practice in the region,
thereby allowing leading edge farms to be
compared against other farms.
DEA is a technique that relies on segmented
linear-programming, while SFA is an
econometric technique relying on maximum
likelihood estimation.

Preliminary findings
Are Western Australian broadacre farms
technically efficient?
Table 1 presents the technical efficiency
findings for the 93 broadacre farms in each year
from 1997 to 1999. Results for the DEA and
SFA techniques are presented, with farms
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recording zero values being fully efficient and
farms with positive values being less efficient.
Because of the different nature of the
techniques, DEA will always infer that leading
edge farms are technically efficient, whereas
SFA infers that such farms are not necessarily
fully efficient. Hence, DEA suggested there
were a significant portion of farms each year
being recorded as technically fully efficient.

A technically efficient
farmer gets the most
out of his inputs,
including machinery,
labour and fertilisers.

The findings consistent to both techniques
were:
•

farms in the study, on average, improved
their technical efficiency between 1997 and
1999;
Table 1. Technical efficiency distributions.
Efficiency Range

1997

1998

1999

SFA (no. of farms)

1997

1998

1999

DEA (no. of farms)

0.0 (most efficient)
0.0-0.1

0
24

0
52

0
73

31
24

36
27

40
33

0.1 - 0.2

11

22

10

30

22

12

0.2 - 0.3

16

13

5

6

7

6

0.3 - 0.4

19

4

2

2

1

2

0.4 - 0.5

16

2

3

0.14

0.09

0.08

0.07

0.06

0.5 - 0.6 (least efficient)

7

Mean efficiency score

0.27

.3
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Technical efficiency can
be influenced by a
number of factors,
including rainfall and
farm size.

•

the distribution of technical efficiency was
uneven. There was a large proportion of
farms that were either technically very
efficient, or close to being so, and a smaller
number of farms, although a diminishing
portion, that recorded low levels of
efficiency.

Are DEA and SFA efficiency rankings consistent?

Do 'technically efficient'farms remain efficient?

The hypothesis was tested that there was no
significant correlation between the two series of
efficiency rankings produced by the DEA and
SFA methods.

Table 3 highlights whether those farms
identified as being technically fully efficient
continued to be identified as fully efficient over
the three years. As can be seen, the majority of
farms remained in the 'efficient set' from one
season to the next. 18 out of 31 farms (58 per
cent) remained fully efficient from 1997 to 1998
and 22 out of 36 (61 per cent) remained fully
efficient from 1998 to 1999.

Table 2. Rank agreement between SFA and DEA technical efficiency measures.
Years

Rs

f-test statistic

Decision

1997

0.285

2.837 b

Reject H 0

1998

0.397

4.128

a

Reject H 0

1999

0.420

4.410 a

Reject H 0

t - tests are conducted on the Spearman coefficients of rank correlation.
a

Results in Table 2 show there is significant rank
agreement between the technical efficiency
series generated by the two methods in all three
years. This indicates that the choice of
methodology was relatively accurate in
determining farm efficiency rankings, with each
technique giving consistent rankings.

,b
and denote t-statistics significant at the 1% and 5% levels of significance.

However, the movement of farms out of the
'efficient set' over the course of three seasons
was much higher. From 1997 to 1999, only 10
out of 31 farms (32 per cent) remained in the
fully efficient set.
The results in Table 3 don't reveal the
magnitude of decline in efficiency of farms no
longer in the efficient set. However, other
analyses not reported here show that farms
moving out of the efficient set mostly remain
relatively efficient.
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Table 4.Significant explanatory variables for technical efficiency.
Model

Significant variables 3

Year of
significance

DEA

rainfall

1997,1998,1999

min-till

1997

direct-drill

1997,1998

rainfall

1999

farm size

1997

age

1998

education

1998,1999

SFA

a - These variables are statistically significant
theinyears noted.

What influences technical efficiency?
The main explanatory variable, perhaps
unsurprisingly, was rainfall. Farms with greater
rainfall tended to display greater efficiency.
This is primarily due to rainfall allowing for
better crop production and pasture yields for a
given set of enterprise inputs.
In addition to the favourable influence of
rainfall was the efficiency benefit associated
with farm size. Although not consistently
The efficiency survey has shown that broadacre farmssignificant, larger farms tended to display
are achieving high levels of technical efficiency.
greater technical efficiency, probably through
economies of scale. However, larger farms also
tended to be located in lower rainfall regions.
Table 3. The movement of farms in and out of the
Tillage
method was also seen to influence
'efficient set'.
technical efficiency - exactly how is under
Year
Number of
Number
Number
investigation.
technically
efficient
farms

remaining
efficient
after one
season

remaining
efficient
after two
seasons

1997

31

18

10

1998

36

22

n.a.

1999

40

n.a.

n.a.

n.a.- not applicable.

In addition, formal education appeared to play a
role in influencing efficiency. Farmers with
greater levels of education operate their farms at
higher levels of technical efficiency. Lastly, the
age of the fanner was an important influence.
As the age of the farmer increased, so did the
technical efficiency of the farm, but only to a
particular point.

A limited number of factors that might possibly affect technical
efficiency were examined using regression analysis. Among the
factors examined were farm size, age of the farmer, the farmer's
formal education, the main tillage method used and seasonal
rainfall.
Some of these factors were subject to various
transformations to allow for possible non-linear effects. Main
results are listed in Table 4.
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The implication was that
very old farmers relative
to middle-aged farmers
were more likely to be
less technically efficient.
Very young farmers were
also less likely to be
technically efficient.
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